Interactions of plasmid-encoded replication initiation proteins with the origin of DNA replication in the broad host range plasmid RK2.
The TrfA proteins, encoded by the broad host range plasmid RK2, are required for replication of this plasmid in a variety of Gram-negative bacteria. Two TrfA proteins, 33 and 44 kDa in molecular mass (designated TrfA-33 and TrfA-44, respectively), are expressed from the trfA gene of RK2 through the use of two alternative in-frame start codons within the same open reading frame. The two proteins have been purified from Escherichia coli to near homogeneity as a mixture of wild-type TrfA-44/33, as TrfA-33 alone and as a functional variant form of TrfA-44, designated TrfA-44(98L), which contains a leucine in place of the TrfA-33 methionine start codon. Cross-linking experiments demonstrated that TrfA-33 can multimerize in solution. By using gel mobility shift and DNase I footprinting techniques the binding properties of TrfA-33, TrfA-44(98L), and TrfA-44/33 to the origin of replication of plasmid RK2 were analyzed. All three protein preparations were able to bind very specifically to the cluster of five direct repeats (iterons) contained in the minimal origin of replication. Each protein preparation produced a ladder of TrfA/minimal oriV complexes of decreasing electrophoretic mobility. The DNase I protection pattern on the five iterons was identical for all three protein preparations and extended from the beginning of the first iteron to 5 base pairs upstream of the fifth iteron. Studies on the affinity of the proteins for DNA fragments containing one, two, or all five iterons of the origin revealed a strong preference of TrfA protein for DNA containing at least two iterons. To study the stability of TrfA.DNA complexes, association and dissociation rates of TrfA-33 and DNA fragments with one, two, or five iterons were measured. This analysis showed that unlike complexes involving two or five iterons the TrfA/one iteron complexes were highly unstable, suggesting some form of cooperativity between proteins or iterons in the formation of stable complexes and/or the requirement of specific sequences bordering the iterons at the RK2 origin of replication for the stabilization of TrfA/DNA complexes.